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A  NBTAL  FOR  STSAN  TURBUIES  NTTH  HICOI  AHD 
SUPERCRITICAL  STEAM  PARAMETERS 

E.  s;  ainzburg 

The  creation  of  steam  turbines  with  high  steam  parameters  and 
large  per-unit  powers  was  the  result  of  advances  In  d<anestlc  metalltxrgy 
and  power-machinery  construction  which  were  related  to  finding  and 
mastering  the  productlm  of  new  heat-resistant  steels  of  the  pearlltlc 
and  austenitic  varieties,  to  the  use  of  new  technological  processes, 
chiefly  the  welding  of  large  thlclo-walled  machine  part*,  atid  to  the 
development  of  new  designs  which  facilitate  the  cperatlng  conditions 
of  the  metal. 

A  ooqplex  of  the  most  diverse  re^iulrements  which  stem  from  the 
operating  conditions  of  the  Individual  parts.  Is  Imposed  upon  a  tur¬ 
bine  metal;  these  requirements  are  continually  being  Intensfled  with 
the  Increase  In  operational  steam  parameters  and  per-unit  powers. 

Rotor  blades,  seamless-forged  rotors,  discs,  and  fastenings  are  the 
turbine  elements  under  the  greatest  load,  tttille  the  last-stage  blade 
In  a  VK-lOO  turbine  Is  under  a  centrifugal  force  of  42  metric  tons, 
the  last-stage  blade  In  a  FVK-150  turbine  Is  under  a  centrifugal  force 
of  85  metric  tens* 

FTIM!T-62-1273/1+^  -1- 


A  netal  far  tiarblne  parts  should  possess  a  high  yield  point  at 
room  and  oi>eratlng  teiqperat\zres«  great  heat  resistance  creep  resist¬ 
ance  and  relaxation  stability,  hl|^  fatigue  strength,  low  sensitivity 
to  stress  concentration,  as  well  as  corrosion  and  erosion  stability. 

Obtaining  large  forged  pieces  and  castings  with  the  good  proper¬ 
ties  mentioned  above  Is  the  most  serloixs  problem  In  present-day  metal- 
Itzrgy.  Suffice  It  to  say  that  domestic  Industry  Is  callable  of  pre¬ 
paring  rotor  forgings  of  austenitic  steel  frcaiL  Ingots  weighing  no  more 
than  13  metric  tcais  fdilch  by  no  means  satisfies  current  requirements. 
The  solution  of  this  problem  Involves  the  adoption  of  the  method  of 
melting  and  casting  metal  In  a  vacuum,  a  more  widespread  Introduction 
of  the  processes  of  modifying  liquid  steel,  and  a  nxmiber  of  other 
methods  for  Improving  the  quality  of  metal  In  the  course  of  Its  produc¬ 
tion. 

However,  the  efforts  of  metalltzcglsts  alone  are  not  sufficient 
to  solve  the  extremely  complex  problems  Involved  In  providing  metal  xoc 
turbine  builders  and  ensuring  the  necessary  operational  reliability 
of  the  units.  Turbine  builders  are  faced  with  urgent  problems  regard- 
Ixig  the  development  and  use  of  cooling  and  heat-screening  systems, 
which  would  allow  them  to  use  pearlltlo  steel  Instead  of  austenitic 
In  a  nuBdwr  of  oases.  The  use  of  welded  austenitic  and  pearlltlo 
steel  rotors  will  allow  us  to  confine  the  use  of  small  austenitic 
forgings  to  the  hl|^-tenperature  zone.  The  maximum  elimination  of 
flange  couplings  and  their  replacement  by  special  threaded  couplings 
(telescopic  movable  or  welded)  and  the  heating  of  flanges  and  fasten¬ 
ings  will  decrease  the  temperature  stresses  In  the  amtal  of  turbine 
casings  and  fastenings  during  stopping  and  starting;  many  tiarblne 

factories  and  research  Institutes  are  doing  extensive  work  In  this 
direction. 
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Metal  for  the  Steam  TtirbineB  SVK-150-1  and  3VR-50-3 

The  first  SVK-150-1  steam  turbine  with  a  power  of  150  Nw  and  a 
speed  of  5000  rpm  was  designed  for  steam  parameters  of  170  atm  abs 
and  530/520°C  [75]*  At  that  time  (1932)  this  turbine  was  the  most 
powerful  In  Europe.  In  order  to  coostruot  It,  It  was  necessary  to 
assimilate  Into  production  forge  pieces  and  castings  &£  new  highly 
heat-resistant  brands  of  steely  among  them  austenitic  steels «  which 
find  relatively  wide  application  In  this  machine.  B]q;>erlence  gained 
from,  the  operation  of  two  SVK-150-I  turbines  over  a  long  period  of 
time  has  demonstrated  the  possibility  of  a  further  Increase  In  the 
temperature  of  the  live  steam  to  5ro^~380^C  and  the  temperature  of 
Intermediate  reheating  to  330-333°C. 

As  for  the  selectlm  of  materials  and  the  design  decisions,  the 
grades  of  steel  used  and  the  design  of  the  high-pressure  cylinder.  In 
idilch  the  hlghest-temperature  steam  operates,  occur  for  the  first  time 
In  these  turbines. 

In  the  first  machines  the  chests  of  the  automatic  shut  off  valves 
weighing  7000  kg  and  the  steam  chests  weighing  700-9OO  kg  were  oon- 
struoted  from  castings  of  ooiqplexly  alloyed  brand  LA-1  axistenltlo 
steel  (O.lOC  +  15Cr  +  15N1  +  2Mo  +  IW  +  5Co  +  0.2T1) .  However,  the 
construotlon  of  large  shax>ed  castings  of  this  steel  i>resented  extremely 
great  difficulties.  A  considerable  nunber  of  defects  were  observed  on 
the  steasHchest  castings  axul  were  repeatedly  cut  out  and  welded  19 
over  a  long  period  of  time.  The  weight  of  the  metal  fused  on  certain 
steam  chests  reached  20-259t  of  the  weight  of  the  entire  chest.  Since 
the  reparation  of  the  defective  chests  was  an  extremely  tedious  opera¬ 
tion  and  there  was  no  assurance  that  the  welded  chests  would  be  suf¬ 
ficiently  reliable  in  operation,  the  factory  gave  up  casting  an4 
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awltohed  over  to  oonatructlng  the  ateam  cheata  and  autcnnatlo  ahutoff- 
valve  cheats  by  the  method  of  welding  separate  forgings  of  brand 
EI-405  austenitic  steel  (O.IC  +  l6Cr  +  IJNl  +  2Mo  +  INb) .  The 
depth  of  the  welded  seam  on  the  automatic  shutoff-valve  chest  was  140 
mm.  The  welding  of  thln-walled  structures  did  not  create  any  special 
difficulties^  but  the  welded  Joints  with  these  massive  seams«  the 
execution  of  which  gives  rise  to  great  stresses «  had  cracks.  As  a 
result  of  selecting  the  appropriate  composition  of  fused-on  metal  and 
perfecting  the  various  technological  factors «  there  were  developed 
grades  of  electrodes  and  a  welding  and  heat-treatment  technique  which 
enabled  us  to  obtain  massive  seams  of  good  quality.  This  work  was 
carried  on  by  the  Leningrad  Ketalworklng  Plant,  In  conjunction  with 
the  Central  Scientific  Research  Institute  of  Technology  and  Machine 
Building  and  the  Central  Scientific  Research  Institute  for  Boilers 
and  Turbines.  Melding  of  grade  LA-1  steel  was  done  with  TsT-7  and 
TsT-i;?  electrodes,  while  EI-403  steel  was  welded  with  TsT-7  and  XTI-3 
electrodes.  In  welding  LA-1  and  EI-403  austenitic  steels  the  parts 
being  welded  were  allowed  to  heat  to  no  higher  than  lOQoc  near  the 
seam.  The  welding  was  done  on  a  short  arc  using  electrodes  4  and  3  mm 
In  diameter  at  currents  of  IIO-130  and  l4o-l6o  amps,  respectively. 

Each  seam  roller  was  subjected  to  peenlng  with  a  pneumatic  hammer 
having  a  head  with  a  radius  of  curvature  of  2-3  mm. 

A  significant  Increase  In  the  volume  of  the  welding  work  proved 
more  profitable  than  repeated  reparation  of  casting  defects. 

The  ccaistructlon  of  an  LA-1  austenitic  steel  all-oast  Inner 
housing  of  complex  configuration  was  declined  by  the  factooer.  Such 
large  (3«830  leg)  all-oast  parts  are  Inaccessible  to  Inspection  and 
control,  as  well  as  to  the  carrying  out  of  repair  work.  Hence  the 
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inner  ojllnder  was  constructed  by  oeans  of  welding  sei>erate  castings 
which  were  of  less  weight  and  of  sufficiently  slnple  shape.  a%e 
automatic  shutoff-valve  chest  and  side  chests  of  the  SVK-lfO  turbine 
In  the  cast  and  welded-forged  version  are  shown  In  Fig.  l-3«  while 
the  welded-oast  Inner  cylinder  Is  shown  In  Fig.  4  [76]. 

The  outer  casing  of  the  cylinder  was  prepared  from  a  oastlr'*  of 
ohromcaBolybdeno-vanadlum  pearlltlc  steel  brand  20  KhMF-L  (O.SrC  +  ICr  4- 
+  Gk6Mo  +  0.25^ •In  the  most  recent  productions  of  the  SVK-150-1  machines 
the  Inner  casing  of  the  cylinder  was  also  made  out  of  20KhMF-L  pear¬ 
lltlc  steel. 


Fig.  1.  Automatic  shutoff-  Fig.  2.  \Jppev  steam  chest  of 

va^ve  chest  of  the  SV!^150  the  SVK-13O  turbine, 

turbine  In  the  welded  version 
consisting  of  forged  parts. 

The  seamless-forged  rotor  5,656  an  In  length  with  a  body 

dlaiaster  of  870  mm  was  made  out  of  R2  ohromomoiybdenovanadlum  steel 
112  (0.25c  +  1.5Gr  +  O.TNo  4-  0.25V).  The  rotor  billets  were  delivered 
to  the  plant  In  ooarse-prooessed  form  after  final  heat  treatamnt. 
Testing  of  the  quality  of  the  lastal  of  the  rotors  was  on  an  Indlvldnal 
basis  and  was  ocaiduoted  on  specimens,  which  had  been  cut  out  of  special 
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ftllowanoes  <m  the  forging. 

The  buckets  of  the  rate  wheel  as  well  as  the  rotor  blades  and 
guide  vanes  of  the  second  through  fourth  pressure  stages  were  made  of 
EI-405  steel. 

BI-257  austenitic  steel  (O.IC  +  IkCr  +  UNI  +  2.5W  +  0.5Mo),  was 
used  for  the  steam  pipes  In  the  first  machines «  while  lKhl8N12T  steel 
was  iised  In  subsequent  ones.  The  armature  casting  was  made  of  La~^ 
a\iatenltlc  steel  (0.15C  +  UCr  +  UNI  +  1.5W  +  2Mo  +  O.^Nb  +  0.2T1  + 

+  0.3V)  while  the  fastenings  were  made  of  EI-372  steel  (0.3C  +  iSCr  + 

+  9N1  +  1.2MO  +  O.JNb  +  0.3T1  +  1.5W)  . 

It  should  be  noted  that  all  steels  used  In  the  SVK-130~1  turbine 
were  rbcentl7  develuped^  with  the  exception  of  and  EI-237«  on 

which  a  little  e3Q)erlence  had  been  acquired  In  application  to  turbine 
construction  (EI>403)  and  on  an  experimental  boiler  at  300  atm  (gage) 
and  600^C  at  the  Heat  and  Electric  Power  Plant  of  the  All-Uhlon  Heat 
Engineering  Institute  (EI-237) . 

The  special  design  feature  of  the  HVK-130-1  turbine  Is  the  cou¬ 
pling  of  austenitic  and  pearlltlc  steel  parts  t  an  austenitic  valve  chest 
with  a  pearlltlc  outer  cylinder  and  an  austenitic  nozzle  chest  with  a 
pearlltlc  Inner  cylinder.  A  diagram  of  this  construction  Is  shown  In 
Fig.  3  and  cttislsts  of  the  followlngi  In  the  cylindrical  bore  of  the 
pearlltlc  (outM?)  cylinder  austenitic  sleeve  pipes  are  insertedi  thus 
the  austenitic  bolts  tli^ten  (»xly  a  snail  segment  the  height  of  the 
pearlltlc  outer  cylinder,  and  the  difference  In  the  elongation  of  the 
bolts  and  that  of  the  flange-coupUx^  elements  tlihtened  by  then  is 
Inslgnlfloant.  The  sane  scheme  was  adopted  In  the  coupling  of  the 
nozzle  chests  and  the  Inner  pearlltlc  cylinder.  The  design  of  the 
steasHsupply  pipe  was  executed  In  the  form  of  a  movable  coupling 
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betwean  the  oonneotlqg  pipe  of  the  valve  cheat  and  the  mouth  of  the 
nozzle  cheat.  TSie  connecting  pipe  of  the  valve  cheat  entera  the  mouth 
of  the  nozzle  cheat.  The  aeallng  between  them  la  effected  with  platan 
rlnga. 


I 


Fig.  Side  ateam  cheat  of  the  SVK-150 
turbine,  a)  caat  veralcnj  b)  welded-forged 
veralon. 


Fig.  Helded^cagt  Inner 
cylinder  of  SFX^130  turbine. 


Fig.  5.  Conatruotlon  of  flange 
coupling  of  auatenltlc  valve 
cheat  and  pearlitlc  outer  ejl- 
Inder.  1}  flange  of  outer  ojl- 
Inderj  2)  auatenltlc  aleeVe 
plpf^  auatenltlc  atud  bolt| 
4)  flange  of  ateam  cheat. 
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nrcm  th«  brief  desorlptlon  of  the  special  features  of  the  produo- 
tioa  of  the  SVK-150-I  turbine  and  of  the  naterials  used  it  is  aiqparent 
that  Its  creation  and  assiuLlatian  required  solutions  to  a  nuBd»er  of 
coqplex  problems  of  a  metallurgical  and  technological  nature* 

The  construction  of  the  superimposed  turbine  SVR-^0-^  by  the 
Leningrad  Metalworking  Plant  with  a  power  of  30  Ibr  with  steam  param¬ 
eters  of  200  atm  abs  and  380^0  has  much  in  common  with  the  SVK:-130-1 
turbine  and  was  planned,  taking  into  account  the  esqperienoe  gained 
in  the  production  and  operation  of  this  latter  turbine  [771* 
autOBiatio  shutoff-valve  chests  and  the  steam  chests  were  made  out  of 
welded  forgings  of  EI-403  austenitic  steel.  The  inner  cylinder  was 
oast  from  20  XhMF-L  perlltic  stMl.  The  oast  outer  cylinder  was 
made  out  of  the  same  steel.  The  coiqpllng  of  austenitic  and  pearlitlo 
steel  parts  was  accomplished  according  to  the  same  principle  as  in  the 
SV&>130-1  turbine. 

The  seamless-forged  rotor  was  made  of  R2  pearlitio  steelj  the  rotor 
blades  and  guide  vanes  were  made  of  stainless  chrcmie  steel  brand  13XhllllP 
(0.13c  +  llCr  -I-  0.3X0  +  0.237) .  The  diaphragms  of  the  first  five 
stages  were  forged  out  of  ohromonoiybdenovanadlum  steel  brand  12  XhXP, 
while  the  remaining  ones  were  forged  out  of  ohrosMWsoiybdenum  steel 
brand  13XhNi.  The  isaterlal  of  the  bolts  of  the  horizontal  Joint  of 
the  inner  cylinder  is  BI-723  ateel  (0.23C  +  2.3Cr  -i-  l.OXo  -i-  0.4v), 
while  that  of  the  outer  cylinder  is  SZ-10  steel  (0.23C  -1-  1.6Cr  -f  -i- 
+  O.31I0  +  0.2V) . 

The  steam  pipes  were  built  of  austenitic  steel  brand  lXhl8lll2T. 

The  Xetal  of  Steam  Turbines  w:|.th  Steam  Parasmters  of  130  atm 
dbs  and  56ii*>/565<>C  and  2»0  atm  abs  and  585V565”C 

The  PVK-130  turbine  (produced  by  the  Kharkov  Turbogenerator 
Plant)  with  a  power  of  130  Mw  and  the  FVK-200  (produced  by  the 


Laolnerad  Nstalworklng  Flaat)  with  a  power  of  200  Hw  and  steam  param¬ 
eters  of  130  atm  abs  and  565/565^0  were  btillt  exo&uslvely  of  pearlltlc 
steels  [78].  K-300-240  turbines  with  a  power  of  300  Nw  and  steam 

parameters  of  2^0  atm  abs  and  580^0 «  In  which  only  pearlltlc  steels 
are  being  used«  are  In  production. 

The  basic  special  feature  of  the  FVK-150  turbine  Is  Its  two-cyllnde 
construction.  This  Is  the  first  single-shaft  two-cylinder  turbine 
with  such  high  power  at  3000  rpm  to  be  built  either  here  or  abroad. 

The  two-oyllnder  construction  of  the  FVK-130  has  become  possible, 
owing  to  the  fact  that  the  rotor  of  the  low-pressure  cylinder  was 
welded  out  of  forged  discs  of  34KhM  steel  and  also  because  of  the  use 
of  blades  In  the  last  stage  with  an  active  length  of  780  mm  with  the 
mean  diameter  of  the  stage  being  2,123  nm.  This  Is  the  longest  blade 
being  built  for  3000  rpm  turbines. 

In  the  forward  portl(ui,  the  high-pressure  cylinder  of  the  FVK-130 
Is  double-walled.  The  cutoff  valve  casing,  the  steam  and  nozzle  chests, 
and  the  Inner-cylinder  casing  were  prepared  from  oasts  of  pearlltlc 
steel  grade  13XhllflF-L  (0.I8C  +  1.5Cr  -i-  INo  +  0.3V) .  The  oasts,  which 
weighed  4-6  metric  tons  and  had  a  wall  thlcloiess  of  tvoa.  50  to  300  mm 
weM  produced  by  the  Lenin  Neva  Flant.  The  oasts  were  subjected  to 
heat  treatment  according  to  the  following  regime t  1)  homogenization 
at  1,050^0  followed  by  cooling  In  air  to  300^0;  2)  normalization  at 
lOOO^C  followed  accelerated  cooling  with  a  compressed-air  blast 
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to  300°  and  then  In  still  alrj  and  3)  tewpering  at  710-7^0^0  and 
oven  cooling  to  200*’C.  The  defeets  In  the  casting  were  welded  up 
after  heating  to  300*C.  After  the  welding  teaperlng  was  carried  out 
at  670-680^0.  In  order  to  detect  cracks,  the  castings  were  subjected 
to  a  kerosene  test  or  to  etching  at  all  places  of  transition  with  a 


aqueous  solution  of  anmonlum  persulfate  and  a  lOjt  aqueous  solution 
of  nltrlo  aold.  A  study  of  the  oeohanlcal  properties  of  a  full-size 
casting  weighing  6  metric  tons«  which  was  carried  out  at  the  labora¬ 
tory  of  the  Kharkov  Turbogenerator  Plant  showed  that  the  yield  point 
of  the  metal  ■■  36  -  63  kS  the  tensile  strength  >  57  **  78 
kg  imn*«  and  the  Impact  strength  had  extremely  high  and  uniform  values. 
The  stress-riqpture  strength  for  100  thousand  hours  of  specimens  cut 
out  of  the  casting  at  a  testing  temperature  of  370^0  was  9  10  kg 

(for  sxMcluens  with  c^  ->  33  **  ^3  kg  mm^) .  The  outer  casing  of  the 
high-pressure  cylinder  was  made  of  a  casting  of  chrtancaaolybdenovanadlum 
steel  brand  20KhMFL.  Series  castings  of  this  brand  of  steel  welj^ilng 
more  than  23  metric  tons  are  In  production.  The  rotor  of  the  hl|^- 
pressure  cylinder  was  forged  In  one  piece  out  of  El -4 13  steel  (0.2C 
+  3Cr  +  0.3MO  +  0.4W  -I-  0.7V) .  The  steel  Is  melted  In  acid  open-hearth 
furnaces  and  powed  out  Into  Ingots  weighing  up  to  30  metric  tons.  The 
Ingots  are  forged  on  a  10-metrlc-ton  press.  The  weight  of  tbB  forging 
was  23  metric  tons  before  stripping  and  17  metric  tons  after  stripping. 
The  rotor  forgings  \aiderwent  heat  treatment  according  to  the  following 
regime: 

1.  After  forging  was  coqpletedj  Isothermic  annealing  was  carried 
out  at  630°C«  furnace  cooling  to  300-330^0;  heating  to  630^0,  48-hour 
holding;  further  heating  to  920— 930°C  with  a  32-hour  holding,  fur¬ 
nace  cooling  to  300— 330°C,  30-hour  holding;  heating  to  66o— 68o°C, 
84*4iour  holding,  furnace  cooling  to  lOO^C. 

2.  After  stripping:  a)  normalization  at  1,030—1,100^0,  eoollng 
In  air;  b)  oil  qlmnohlng  at  990-l«010^C;  o)  tempering  at  660— 68o^C, 
28-4iour  holding,  furnace  cooling. 

The  full-size  rotor  forging  weli^blng  17  metric  tons  with  a  body 
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(Uauftter  of  860  nm«  which  had  been  prepared  from  a  %7-metrlc-toai  ingot  j 
was  Investigated  by  the  laboratory  of  the  Kharkov  Turbogenerator  Plant. 
The  Investigation  showed  the  following  mechanical  properties  top  the 
metal  along  the  length  of  the  forging  at  20°C:  yield  points  9^ 

■  60-70  ks/miFt  tensile  strength  Og  ■  70  -  80  kg/maF,  relative 
elongation  610  ■  14.3  -  17 relative  contraction  ^  ■  58  -  66ji, 

Impact  strength  ■  9  -  19  ks  *  nv^cm^.  A  study  of  the  mechanical 
prc^ertles  over  the  cross  section  of  the  forging*  going  from  the 
periphery  to  the  opening*  showed  a  dispersion  of  the  Impact-strength 
val\aes  from  8.2  to  3.3  kg  •  m/oroF,  The  strength  and  plasticity  char¬ 
acteristics  had  sufficiently  uniform  valiies.  Tests  oa  the  fatigue 
strength  of  smooth  and  notched  specimens  cut  out  of  places  In  the 
Journal  bearings  of  the  rotor  at  a  temperature  of  20°C  and  a  test  base 
of  10  million  cycles  showed  the  fatigue  limit  for  bending  with  rota¬ 
tion  to  be  ■  33 *5  kg/mm^  (smooth  specimens)  and  ■  16  kg/vaF 

(specimens  with  a  circular  notch  0.2  nm  In  radius*  6o^  angle*  ratio 
of  areas  1:2).  The  creep  limit  for  a  creep  rate  of  1  *  10***Jt  per  hour 
was  ■  9  kg/mnP  at  350^0  and  8  kg/hm?  at  600^0.  The  stre88-rui>ture 
8trength  for  a  period  of  100  thouaand  hours  ■  I9  kgyun*  at  350^0. 
The  mLorostruoture  of  the  rotor  metal  consisted  of  sorbite.  R>om  the 
periphery  towards  the  center  there  was  observed  an  enlargement  of  the 
sorbite  structure  with  the  api>earanoe  of  areas  of  structurally  free 
ferrite*  the  number  of  which  Increased*  as  the  distance  to  the  forging 
axis  decreased. 

The  FVXp200  turbine  of  the  Leningrad  Metalworking  Factory  Is  a 
three-cylinder*  single-shaft  turbine  [79]  •  The  hlgh-pressiire  cylinder 
Is  a  welded-oast  oonstruotlon  with  welded-ln  nossle  chests*  onto 
which  the  steam  chests  are  welded  directly.  The  casing  of  the  hlidi^- 


n 


-11 


preasure  cylinder,  the  nozzle  and  steam  chests,  and  the  casings  of  the 
automatic  shutoff-valves  are  made  of  15KhlNlF-L  cast  steel.  The  casing 
of  the  medluiiHpressiire  cylinder  In  the  forward  section,  where  the 
steam  enters  after  Intermediate  reheating  Is  also  made  of  welded  cast¬ 
ings  of  l^XhlMlF-L  steel.  The  largest  castings  are  the  castings  of 
the  high-pressure  cylinder.  The  weight  of  the  casting  of  the  tqpper 
half  of  the  cylinder  Is  14,000  Iqgj  and  that  of  lower  half,  17,600  kg. 
The  welding  on  the  hlgh-and  nedlxua-pressure  cylinders  was  done  on 
TsL-27  electrodes  with  an  over-all  preheating  of  the  welded  parts  to 
350— 400^C  on  the  sole  of  the  fiimace.  Tempering  began  Immediately 
after  completion  of  the  welding.  In  the  first  castings,  which  were 
welded  using  local  preheating,  a  large  number  of  cracks  were  observed 
In  the  welded  seams  and  In  the  zone  near  the  seams.  Svddsequent  ejqperl- 
ence  with  the  welding  showed  that  It  was  possible  to  weld  uslx^  local 
preheating,  but  the  cooling  rate  after  welding  must  not  exceed  4o  — 
50®C  per  hour.. 

The  rotors  of  the  hlgh-and  medlunHpressvire  cylinders  were  forged 
In  one  piece  and  prepared  tram.  R2  steel  which  had  been  used  previously 
at  the  LMP  for  the  SVK-130  turbine.  During  recent  years  the  Oral 
Machinery  Factory  has  carried  out  a  number  of  ez^rlmental  and  research 
projects  to  perfect  the  technology  of  tlM  production  of  large  R2  steel 
forgings,  to  liqprove  the  quality  of  the  Ingots  and  forglxtgs,  to  ellnn 
Inate  the  Inhonogenelty  previously  observed  In  the  properties,  and  to 
study  the  Iqpaot  strength  of  the  sistal  of  rotor  forgings.  The  factory 
mBSt«ped  and  Incorporated  the  method  of  pouring  large  Ingots  \inder  a 
vacuum.  This  redtUMd  the  over-all  content  of  nonmetalUc  Inoluslcms 
by  a  factor  of  2-4  and,  what  was  especially  Important,  reduced  the 
hydrogen  content  by  a  factor  of  2-3.  Ingot  metal  poured  under  vacuum 
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has  a  Biore  oonpact  maorostructure  and  a  considerably  lower  axial 
friability.  Large  forgings  of  vaouuBHprooessed  steel  have  better 
plasticity  characteristics  In  coDqparlson  with  the  corresponding  char¬ 
acteristics  of  ordinary  Ingots.  The  second  major  step  taken  was  the 
poffectloi  of  a  process  of  heat  treatment  for  large  forgings  which 
Is  carried  out  according  to  the  following  regime  t  a  double  momiallza- 
tlon  at  98o-10OO°C  and  960-980®C,  cooling  In  a  compressed-air  stream. 
Tempering  at  680-690°C.  Before  1938  the  second  normalization  of  R2 
steel  rotors  was  done  In  still  air  In  a  vertically  susi>ended  state. 
This  method  did  not  ensure  that  stable  and  uniform  mechanical  prop¬ 
erties  would  be  obtained.  Cases  were  often  noted  In  which  decreased 
values  were  obtained  for  the  Impact  strength  (the  Impact  strength  had 
values  from  10  to  1.2  ks  *  ro/cBi^)f  and  In  some  cases  decreased  values 
were  obtained  for  the  yield  point.  A  study  of  this  problem  revealed 
that  It  was  possible  to  ensure  satisfactory  and  homogeneous  mechanical 
properties  on  rotors  of  112  steel  If  the  jprescrlbed  heating  temperature 
was  strictly  observed  during  the  second  normalization  and  accelerated 
cooling.  For  this  purpose  there  were  designed  and  Installed  at  the 
factory  In  1938  special  circular  chambers  with  double  walls  with  an 
Ixmer  diameter  of  1«300  om.  Air  tvam  blowers  with  an  Individual  out¬ 
put  of  30«000  mP/hour  was  fed  Into  the  chanibers  In  a  tangential  direc¬ 
tion  through  specially  constructed  silts.  The  accelerated  cooling  In 
the  normalization  process  allowed  the  tendering  temperature  to  be 
raised  from  680°-710°C«  the  same  final  mechanical  properties  being 
obtained.  This  was  favorably  reflected  In  the  plasticity  character¬ 
istics  along  the  length  of  the  rotor,  which  had  been  caused  by  the 
different  hydrogen  contents  at  the  top  and  the  bottom  of  the  Ingot. 

At  the  present  time  turbine  factories  are  obtaining  large  rotor 
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fca?glng8  (Ingot  weight  up  to  70  metric  tons)  of  high  qxiallty  with 
good  uniform  properties  In  accordance  with  the  reqvilrements  of  TU-1284. 

The  requirements  pertaining  to  the  mechanical  properties  and 
billets  for  rotors  of  R2  steel  are  as  follows: 
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The  value  guaranteed  for  the  stre8s-rtq>ture  strength  for  100«000 
hours  Is  14  kg/mm?  at  550°Cj  while  the  creep  limit  for  a  Ifi  deforma¬ 
tion  In  100^000  hours  at  the  same  temperatwe  equals  9  kg/mm‘.  The 
rotor  forgings  were  subjected  to  Individual  quality  tests.  The  major¬ 
ity  of  the  methods  of  rotor  control  have  been  used  In  turbine  produc¬ 
tion  for  many  years  and  are  generally  known.  The  only  exception  Is 
ultrasonic  quality  control^  to  which  lOOJt  of  the  forgings  are  presently 
svibjected. 

Ultrasonic  control  Is  carried  out  with  the  aid  of  the  UZD-7N 
defectoscope  produced  by  the  Central  Scientific  Research  Institute 
of  Technology  and  Machine  Building  at  a  frequency  of  2.3  megacycles 
with  cylindrical  probes.  The  sensitivity  of  the  Instrument  Is  con¬ 
trolled  with  special  calibrating  devices  with  a  bore  2  mn  In  diameter 
with  a  flat  bottcsn  at  a  depth  of  38O  on  below  the  sounding  surface. 

In  the  K-300-2^0  turbines*  which  have  a  unit  power  of  300  Nw 
and  steam  parameters  of  2^0  atm  shs  and  380^0  new  PI  and  P3  pearlltlc 
steels  are  used  on  the  oast  partsi  EI-909  steel  on  the  fastenlngsj 
and  also  stainless  12jt  chrome  steel  grade  TsZh3  and  KhllL  on  the. cast¬ 
ing*  EI-802  on  the  blades  and  rotors*  and  EI-993  on  the  fastenings. 
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PI  (0.16c  +  1.2Cr  +  IMo  +  0.5V  +  1.4Co  +  0.005B)  and  P5  (0.l6C  + 

+  2.2Cr  +  1.3MO  +  0.5V  +  0.l2Nb)  steels  were  developed  throxigh  addi¬ 
tional  alloying  of  the  most  heat-resistant  pearlltlc  steels  of  brands 
12KhMF  and  13KhlMlP.  PI  steel  has  heat-resistant  properties  at  380- 
600°C  equal  to  the  heat-resistant  properties  of  a  nuinber  of  austenitic 
steels.  The  stress-rupture  strength  after  100«000  hours  at  380°C  Is 
18  kg/mm^j  'tdille  at  600°C  It  amounts  to  l4  kg/mm?.  The  creep  limit 
at  the  same  teinperatvires  Is  equal  to  l4  and  10  kg/mfi,  respectively. 

PI  steel  possesses  sufficient  resistance  to  scaling.  In  a  steam 
medium  at  600°C  Its  oxidizability  does  not  exceed  0.1  mm  of  wall  thick¬ 
ness  per  year.  Moreover,  the  oxides  that  are  formed  are  liiq;>enetrable 
and  plastic,  and  they  adhere  firmly  to  the  metal  surface.  £1-909  steel 
(0.22C  +  1.2Cr  ■<-  l.OIQ)  +  0.8v)  Is  the  most  relaxation-stable  pearlltlc 
steel;  at  363°C  with  an  Initial  stress  of  55  kg/mn^  the  residual  stresse 
amount  to  12  kg/mm*  for  10,000  hours.  For  the  rotors  of  the  pilot 
sanqples  of  the  K-500-240  turbines  EI-413  steel  was  used  by  the  Kharkov 
Plant  and  R2  steel  by  the  Leningrad  Plant. 

The  use  of  steam  of  siqpercrltlcal  parameters  for  5000  rpm  500  Mw 
turbo-units  poses  the  very  Important  problem  of  tl^  development  of 
new  materials  for  the  blades  of  the  final  stages. 

The  blades  of  the  PVI^130  turbine  produced  at  the  Kharkov  Turbo¬ 
generator  Plant,  which  are  780  mm  in  length  with  the  mean  diameter  of 
the  stage  being  2,123  aim,  are  under  a  centrifugal  force  of  83  metric 
tons  [80].  The  stresses  caused  by  this  force  are  the  limiting  stresses 
for  the  stainless  chrome  steel  brand  2Khl5  which  Is  presently  being 
xased  for  these  blades.  In  the  K-500-240  turbines  produced  by  the 
Kharkov  Turbogenerator  Plant  the  blades  of  the  last  stage  have  a  length 
of  860  mm  with  the  mean  diameter  of  the  stage  being  2,589  mm.  The 
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major  problam  In  the  creation  of  low-freqiwncy  blades  for  the  last 
stages  of  powerful  steam  turbines  Is  assuring  their  vibrational  reli¬ 
ability.  In  the  case  of  possible  resonance  oscillations  the  dynamic 
stresses  arising  In  the  blades  are  proportl<»ial  to  the  static  bending 
stresses  caused  by  the  total  steam  flow  and  Inversely  proportional  to 
the  deunplng  decrement  of  the  oscillations.  Hence  It  Is  necessary  to 
reduce  to  a  minimum  the  static  steam-bending  stresses  In  the  blades 
and  to  Increase  their  Hawping  characteristics.  The  most  promising 
material  for  the  blader  of  the  last  stages  are  titanium  alloys «  which, 
while  they  have  a  specific  gravity  only  half  that  of  stainless  steels, 
excel  them  In  strength  properties,  as  well  as  In  erosion  and  corrosion 
stability.  At  the  present  time  there  has  been  developed  a  whole  series 
of  Industrial  alloys  of  commercial  titanium  with  aluminum,  manganese, 
chromium.  Iron,  and  other  elements.  In  a  titanium  alloy  the  aluminum 
concentration  Is  usually  3-6$^,  idille  the  manganese  concentration  nay 
be  as  much  as  7)t. 

Data  on  the  mechanical  properties  of  certain  tltanlusHbase  alloys 
at  room  temperature  are  given  In  Table  1  [8l]. 

TABUS  1 

Mechanical  Properties  of  Titanium  Alloys 


Owtw*  «r  allignis 

sssar- 


a^Mn;  2SAI 
4^4  Mn:  454  Al 
a^Mn;  I.MAI 
MAI:i75}4Cr 
l)4Mii:  ^Al:  lACr: 
l.3S%F« 
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Flg«  6.  Ifechanlcal  properties 
of  conoierclal  titanium.  1) 
elongation  (for  30.8  mm)  2) 
tensile  strength  3)  jleld 
point  So. 2 


Fig.  7.  Mechanical  properties 
of  an  alloy  of  conmerii&al  titan¬ 
ium  with  A1  and  4^  Mi.  1) 
tensile  strength  2)  yield  point 
0o.2  3)  transverse  contraction 
4)  elongation  (for  23  mm) 


Prospects  of  Raising  the  Temperature  Level  for  the  Use  of 

Pearlltlc  Steel 

The  question  of  heat  resistance  (resistance  to  scaling)*  along 
with  the  question  of  hlgh-teqperature  strength*  acquires  special 
Importance  In  regard  to  raising  the  teqperature  level  for  the  use  of 
pearlltlc  steels  to  600-6l0®C.  Hence  dcanestlc  and  foreign  technology 
has  set  about  to  find  new  compositions  of  steels  on  a  base  of  12Ji 
chrome  stainless  steels  which  have  high  resistance  to  scaling  for 
easting*  large  forgings*  blades*  fastenings*  and  other  turbine  parts. 

Data  on  the  coiqposltlon  properties*  and  use  of  stainless  chrome 
steels  are  given  In  Table  2  [82].  It  should  be  noted  that  additional 
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alloylxig  of  12}6  chrome  steels  with  molybdenum^  tungsten^  and  vanadium^ 
which  Increase  the  heat-resistant  properties  of  these  steels^  decreases 
their  resistance  to  scaling.  Steels  of  brands  l^KhllMF  and  EI-802  are 
being  used  successfully  for  the  blades  and  valve  rods  in  the  FVK-130« 
PVK-200«  and  K-^00-2^0  turbines.  In  applying  these  steels  to  large 
forgings  and  castings  it  is  necessary  to  take  their  tendency  toward 
,  zonal  and  dendritic  segregation  into  account «  since  this  creates  Inhomo¬ 

geneity  of  the  structure  and  properties  over  the  cross  section  of  the 
forging  or  casting.  In  order  to  diminish  the  segregation  phencanena, 
the  Central  Scientific  Research  Institute  of  Technology  and  Machine 
Building  is  modifying  breuid  TsZh3  steel  with  calcium.  Rotor  forgings 
of  brand  EI-802  and  £1-756  steel  were  investigated  at  the  Kharkhov 
Tizrbogenerator  Plant.  An  investigation  of  a  forging  weighing  10,8^^ 
kg  from  a  38-metrlc-ton  ingot  of  EI-802  steel  showed  that  in  the  heat- 
treated  state  (oil  quenching  at  1«050°C  and  teitq;)ering  at  J20°C)  an 
liig>airment  of  the  mechanical  characteristics  (strength  and  plasticity) 
was  noted.  The  yield  point  has  the  values  50-5^  kg/mf,  ISie  impact 
strength  of  tangential  si>eelfflens  has  the  values  1. 2-5*3  kg  •  ny'cm*. 
According  to  the  data  of  the  Central  Scientific  Research  Institute 
for  Boilers  and  Turbines^  at  a  testing  temperature  of  600^C  the  stress- 
rupture  strength  of  this  forging  for  100,000  hours  -  7*8  kg/vmf, 
while  the  creep  limit  Op  -  k  kg/mm'. 

A  21,700  kg  forging  prepared  from  a  45-metrio-ton  Ipgot  of  EI-736 
steel  had  a  yield  point  6-9  kg/mn^  below  the  TXIMI-  258-56  req^irealent8. 
The  ixqpact  strength  of  tangential  specimens  attained  2.7  kg  •  m/caiF  at 
»  50®C. 

Research  projects  on  these  steels  are  being  continued  to  find 
means  of  obtaining  a  more  hcmiogeneous  structural  state  and  good  msohan- 
ioal  characteristics  in  large  forgings  and  castings* 
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TABLE  2 


Chemical  Coaqposltlon  and  Hlgh-^eaflperature  Strensth 

of  Turbine  Steels 
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0.40-0.90 

0.30-0.50 

1 

•  1 

—  j 

• 

'Notet  According  to  the  calculated  data  boron  Is  present 
only  In  the  EI-99?  steel  In  the  amount  of  0.00^. 


TABLE  3 


Metals  Used  in  the  SKR-100  Turbine  With  Steam  Parameters 


of  300  atm  abs  and  630^0 


Name  of  part 

Brand 

Remarks 

OMtlagt  stMa  and  aosiX* 
•bMTti 

PMIftd 

XnMr  dyllaMP 

n-cu 

1M«9dkfN«»d 

Oittir  •jrXIaMp 

isaaiL 

0«rl 

Pint  vwiflrt 
S«0«id  WtHlI 

MMU 

mm 

s«at 

Uiplintfi 

n-ot 

WmtmiMm 

UmTH 

mST 

Metal  Used  In  the  Steam  Turbine  SER-lOO 

The  manufacture  of  steam  turbines  with  steam  parameters  of  300 
atm  abs  and  630^0  entails  the  use  of  austenitic  steels «  nlckle-base 
alloys 4  and  also  pearlltlc  steels  with  cooling.  At  the  present  time 
the  SKR-100  superlnposed  turbine  with  a  power  of  100  Nw  Is  being  manu> 
factured  with  the  above-mentioned  steam  parameters.  Data  cc»u>emlng 
the  metals  used  In  the  SKR-100  t^nrblne  are  given  In  Table  3. 

Obtaining  large  forgings  of  austenitic  braxids  of  steel  presents 
the  greatest  difficulties. 

At  the  present  tine  the  Industry  has  assimilated  the  preparation 
of  forgings  of  EI-612  steel  (O.IC  13Cr  +  36N1  •»-  3W  1.3T1)  tvom. 
3-4-aetrlc-ton  Ingots^  and  of  BI-726  steel  (O.IC  -i-  l4Cr  -i-  18N1  -f  2.3W  + 
1Mb  +  0.02B)  Aeon  13-4Betrlc-ton  Izigots.  ft'om  an  Ingot  of  BI-726 
steel  weli^tLng  13  metric  toxut  a  forging  of  a  7«9000-]ib  official  rotor 
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waa  prepared.  I!he  forglxig  of  tlw  ingot  was  carried  out  between  1«120 
and  800°C.  The  forging  was  subjected  to  heat  treatment  according  to 
the  following  reglnet  double  normalization  at  l«130>l«l6o^C  with  air 
cooling  and  teiqperlng  at  7^0-760^0  for  70  hoxscs^  furnace  cooling  to 
lOO^C.  An  Investigation  of  this  rotor  conducted  at  the  Kharkov  Turbo- 

I 

generator  Plant  showed  that  the  mechanical  properties  of  speclaens 
cut  out  tram,  the  top«  bottom^  and  sides  of  the  forging  at  20°  Icqr  In 
the  following  ranges:  -  2^  — •  28.5  kg/mm^j  -  5^.5  —  57*5  lcg/mm“j 

6  -  32.7  —  42.25^;  ^  -  38  —  58}^;  aj^  -  8.45  —  24.8  kg  *  The 

stresB-rtqpture  strength  for  100«000  hours  at  630°C  Is  17  kg/cm^.  The 
plasticity  at  rupture  Is  satisfactory.  The  fatigue  limit  at  20°C  Is 
cut  *  17  kE/cm4.  EI-726  brand  steel  Is  svifflolently  stable  with  respect 
to  structure  and  mechanical  properties.  After  holding  at  630°  and 
700°C  for  5000  hours  the  liqpact  strength  was  not  less  than  7*8  kg*iiv^eiB4. 

In  view  of  the  fact  that  austenitic  steels  have  a  hl£^  coefficient 
of  linear  expansion  and  low  thermal  conductivity,  the  question  of  the 
starting  regimes  of  the  SKR-100  and  similar  turbines  Is  one  of  primary 
liqportance.  In  order  to  decrease  thermal  stresses  during  the  starting 
phases  of  the  turbine,  siq;>pllmentary  testing  of  the  flange  Joint  Is 
jMcovlded. 

Ws  should  note  that  special  urgency  of  a  study  of  the  oxidizing 
rate  of  steels  at  operating  temperatures  and  a  determination  of  the 
temperature  threshold  of  the  resistance  of  various  brands  of  steel. 

The  few  stxidles  dealing  with  this  matter  have  shown  that  the  aridig-iryg 
rate  In  air  for  austenitic  steels  at  650  and  750°C  Is  expressed  In 
thousandths  and  hundredths  of  a  nllllweter  per  year. 
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